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(54) A filter formed as part of a heater chip for removing contaminants from a fluid and a method 
for forming same 



(57) An ink jet heater chip (50) is provided having 
an integral filter (60) for tittering contaminants from a flu- 
id passing through the filter. The heater chip comprises 
a silicon substrate (152) having opposing first and sec- 
ond surfaces (152a, 152b) and a passage (152c) ex- 
tending through it. A first etch resistant material layer 
(154) is formed on the first substrate surface and in- 
cludes at least one opening (154a) which extends 



through the first layer and communicates with the sub- 
strate passage. A second etch resistant material layer 
(1 56) is formed on the second substrate surface and in- 
cludes a portion (157) having a plurality of pores (158) 
which extend through the second layer and communi- 
cate with the substrate passage. The portion of the sec- 
ond layer defines the filter (60) which filters contami- 
nants from ink passing through the filter. A process for 
forming the heater chip is also provided. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is related to contemporane- 
ously filed U.S. Patent Application Serial No. 
08/993431 , entitled "A Filter For Removing Contami- 
nants From a Fluid and a Method For Forming Same," 
by Carl E. Sullivan, having Attorney Docket No. 
LE9-97-133, the disclosure of which is incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a filter formed as an 
integral part of a heater chip for filtering contaminants 
from ink prior to the ink flowing to bubble chambers in a 
printhead. 

BACKGROUND OF THE INVENTION 

[0003] Drop-on-demand ink jet printers use thermal 
energy to produce a vapor bubble in an ink-filled cham- 
ber to expel an ink droplet. A thermal energy generator 
or heating element, usually a resistor, is located in the 
chamber on a heater chip near a discharge orifice or 
nozzle. A plurality of chambers, each provided with a 
single heating element, are provided in the printer's 
printhead. The printhead typically comprises the heater 
chip and a plate having a plurality of the discharge ori- 
fices formed therein. The printhead forms part of an ink 
jet print cartridge which also comprises an ink-filled con- 
tainer. 

[0004] The print cartridge container includes one or 
more ink chambers. For a monochrome or single color 
print cartridge, one chamber is provided. For a three 
color print cartridge, three chambers are included. The 
print cartridge container may also include a fitter/stand- 
pipe assembly for each chamber. The standpipe defines 
a passageway through which ink flows as it travels from 
the chamber to the printhead. The fitter is attached to 
the standpipe and functions to remove air bubbles and 
contaminants from the ink before the ink reaches the 
printhead. Contaminants, if not removed from the ink, 
may block orifices in the printhead orifice plate, thereby 
preventing ink from being ejected from those orifices. 
[0005] The quality of printed images produced by an 
ink jet printer depends to a large degree on the resolu- 
tion of the printer. Higher or finer resolution wherein the 
dots are more closely spaced provides for higher quality 
images. 

[0006] A consideration with increasing the resolution 
of ink jet printers is that increased resolution results in 
more printed dots per unit area. For example, doubling 
print resolution from 600 x 600 dpi to 1 200 x 1 200 dpi 
results in four times as many dots per unit area. Since 
the number of dots per unit area increases with in- 
creased resolution, the size of each printed dot must de- 



crease in order to avoid saturating the print media. 
Hence, the size of the orifices in the orifice plate must 
decrease. In order to prevent the smaller orifices from 
becoming blocked or obstructed by contaminants con- 

5 tained in ink, finer filters are required. 

[0007] Conventional filters attached to standpipes are 
typically made from a metal mesh. It is believed that very 
fine metal mesh filters would be costly to produce. Fur- 
ther, it is believed that ink pressure drop across a very 

10 fine metal mesh filter would be large due to the mean- 
dering flow path the ink must take as it passes through 
the metal mesh. 

[0008] U.S. Patent Nos. 5,124,717, 5,141,596 and 
5,204,690 teach providing filters in silicon channel 
15 plates. In these printhead devices, two separate silicon 
substrates are required, one for the heater chip and one 
for the channel plate. Because silicon is an expensive 
material, these printhead devices are believed to be im- 
practical. 

20 [0009] Accordingly, there is a need for an improved 
low cost filter which is capable of removing particles of 
varying sizes including very small particles from ink with- 
out also effecting a large drop in fluid pressure across 
the filter. 

25 

SUMMARY OF THE INVENTION 

[0010] With the present invention, a heater chip is pro- 
vided having a filter formed as an integral part of the 

30 heater chip. The filter is capable of removing particles 
of varying sizes including very small particles Irom ink 
without effecting a large drop in fluid pressure across 
the filter. The heater chip of the present invention is 
formed from a silicon substrate having first and second 

35 etch resistant material layers on its opposing sides. A 
portion of the second layer includes a plurality of pores, 
each preferably having an area or size of between about 
0.5 ujti 2 and about 25 u.m 2 . The second layer portion 
defines a filter which filters contaminants from ink pass- 

40 ing through the filter. In contrast to conventional metal 
mesh filters, the filter of the present invention has a di- 
rect flow path. Hence, the resistance to ink flow through 
the filter and the pressure drop across the filter are min- 
imal. 

45 [0011] In one embodiment of the present invention, 
the second layer portion includes two or more filter sec- 
tions, each comprising a plurality of pores. The second 
layer portion further includes at least one reinforcement 
rib positioned between the two filter sections. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

55 Fig. 1 is a perspective view, partially broken away 
of an ink jet printing apparatus having a print car- 
tridge constructed in accordance with the present 
invention; 
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Fig. 2 is a view of a portion of a heater chip con- 
structed in accordance with the present invention 
coupled to an orifice plate with sections of the orifice 
plate removed at two different levels; 
Fig. 3 is a cross sectional view of a portion of a print- 
head formed in accordance with a first embodiment 
of the present invention; 

Fig. 4 is a plan view, partially broken away, of a heat- 
er chip constructed in accordance with a first em- 
bodiment of the present invention 
Fig. 4A is an enlarged view of a portion of the heater 
chip illustrated in Fig. 4; 

Fig. 5 is a schematic cross sectional view of a heater 
chip formed in accordance with a first embodiment 
of the present invention; 

Figs. 6-8 are schematic cross sectional views illus- 
trating the process for forming the heater chip illus- 
trated in Fig. 5; and 

Fig. 9 is a plan view of a portion of a heater chip 
formed in accordance with a second embodiment 
of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[001 3] Referring now to Fig. 1 , there is shown an inkjet 
printing apparatus 10 having a print cartridge 20 con- 
structed in accordance with the present invention. The 
cartridge 20 is supported in a carrier 40 which, in turn, 
is slidably supported on a guide rail 42 A drive mecha- 
nism 44 is provided for effecting reciprocating move- 
ment of the carrier 40 and the print cartridge 20 back 
and forth along the guide rail 42. As the print cartridge 
20 moves back and forth, it ejects ink droplets onto a 
paper substrate 12 provided below it. 
[0014] The print cartridge 20 comprises a container 
22, see Fig. 1, and a printhead 24, see Figs. 2 and 3, 
which is adhesively bonded or otherwise secured to the 
container 22. The container 22 includes an internal 
chamber (not shown) filled with ink. It further includes 
an outlet (not shown) through which the ink flows to the 
printhead 24. The container 22 in the illustrated embod- 
iment includes only one chamber. However, it is contem- 
plated that the container 22 may include more than one 
chamber, e.g., three chambers. Such a container is dis- 
closed in U.S. Patent No. 5,576 : 750, the disclosure of 
which is incorporated herein by reference. 
[001 5] The container 22 may be formed from a poly- 
meric material. In the illustrated embodiment, the con- 
tainer 22 is formed from polyphenylene oxide, which is 
commercially available from the General Electric Com- 
pany under the trademark "NORYL SE-1 ." Other mate- 
rials not explicitly set out herein may also be used. 
[0016] The printhead 24 comprises a heater chip 50 
having a plurality of resistive heating elements 52, see 
Figs. 2 and 3. The printhead 24 further includes a plate 
54 having a plurality of openings 56 extending through 
it which define a plurality of orifices 56a through which 



droplets are ejected. The orifices 56a typically have a 
size (i.e., a diameter) of from about 5 pm to about 50 
urn The plate 54 may be bonded to the chip 50 via an 
adhesive. An example of such an orifice plate 54 and 

s example adhesives are set out in commonly owned pat- 
ent applications: U.S. Serial No. 08/519,906, entitled 
"METHOD OF FORMING AN INKJET PRINTHEAD 
NOZZLE STRUCTURE," by Tonya H. Jackson et al., 
filed on August 28, 1995, Attorney Docket No. 

io LE9-95-024, and U.S. Serial No. 08/966,281, entitled 
"METHOD OF FORMING AN INKJET PRINTHEAD 
NOZZLE STRUCTURE," by Tonya H. Jackson et al., 
filed on November 7, 1997, Attorney Docket No. 
LE9-97-092, the disclosures of which are hereby incor- 

15 porated by reference. As noted therein, the plate 54 may 
be formed from a polymeric material such as polyimide, 
polyester, fluorocarbon polymer, or polycarbonate, 
which is preferably about 1 5 to about 200 microns thick, 
and most preferably about 75 to about 125 microns 

20 thick. 

[0017] When the plate 54 and the heater chip 50 are 
joined together, sections 54a of the plate 54 and portions 
50a of the heater chip 50 define a plurality of bubble 
chambers 55. Ink supplied by the container 22 flows into 

2S the bubble chambers 55 through ink supply channels 
58. The resistive heating elements 52 are positioned on 
the heater chip 50 such that each bubble chamber 55 
has only one heating element 52. Each bubble chamber 
55 communicates with one orifice 56a, see Fig. 3. 

30 [0018] The resistive heating elements 52 are individ- 
ually addressed by voltage pulses. Each voltage pulse 
is applied to one of the heating elements 52 to momen- 
tarily vaporize the ink in contact with that heating ele- 
ment 52 to form a bubble within the bubble chamber 55 

3S in which the heating element 52 is located. The function 
of the bubble is to displace ink within the bubble cham- 
ber 55 such that a droplet of ink is expelled from an or- 
ifice 56a associated with the bubble chamber 55. 
[0019] A flexible circuit (not shown) secured to the 

40 container 22 is used to provide a path for energy pulses 
to travel from a printer energy supply circuit to the heater 
chip 50. Bond pads (not shown) provided on the heater 
chip 50 are bonded to end sections of traces (not shown) 
on the flexible circuit. The bond pads are coupled to first 

45 and second conductors 59a and 59b on the heater chip 
50, see Fig. 2. Current flows from the printer energy sup- 
ply circuit to the traces on the flexible circuit and from 
the traces to the bond pads on the heater chip 50. From 
the bond pads, the current flows through the conductors 

so 59a and 59b and the heating elements 52. 

[0020] In accordance with the present invention, a fil- 
ter 60 is formed as an integral part of the heater chip 50, 
see Figs. 2-5. The heater chip 50 comprises a silicon 
substrate 152 having opposing first and second outer 

ss surfaces 152a and 152b, respectively, and a passage 
1 52c extending completely through it. The substrate 1 52 
has a length L s of from about 500 u.m to about 50800 
pm, and preferably about 4000 u.m; a width W s of from 
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about 500 um to about 50800 um, and preferably about 
12000 Mm; and, a thickness T s of from about 25 urn to 
about 2 mm, and preferably about 525 um, see Figs. 4 
and 5. The passage 152c is rectangular in shape where 
it meets the second outer surface 152b. It may also be s 
square, oval, elliptical, or have any other geometric 
shape. At the second outer surface 152b, the passage 
1 52c has a length L P of from about 50 um to about 37250 
|im, and preferably about 350 urn and a width W P of 
from about 50 urn to about 37250 um, and preferably 
about 2930 um. 

[0021] A first etch resistant material layer 154 is 
formed on the first substrate surface 152a, see Fig. 5. 
The first layer 154 includes an opening 154a extending 
completely through it which communicates with the sub- 
strate passage 152c. The opening 154a has generally 
the same shape (e.g., rectangular) and size as the pas- 
sage 152c at the first outer surface 152a. The first layer 
154 has a thickness T-, in the Z-direction, see Fig. 5, of 
from about 1 um to about 20 um, including all ranges 
subsumed therein, and preferably from about 1 um to 
about 2.5 um. The first layer 1 54 may be formed from 
any one of a number of known etch resistant materials 
including, for example, silicon nitride, silicon carbide, 
aluminum, tantalum, and silicon dioxide. Other materi- 
als not explicitly set out herein may also be used when 
forming the layer 154. 

[0022] A second etch resistant material layer 156 is 
formed over the second substrate surface 152b. In the 
illustrated embodiment, the second layer 156 is formed 
directly on the second surface 152b. However, the sec- 
ond layer 156 may be formed on an intermediate layer 
(not shown) positioned between the layer 156 and the 
second substrate surface 152b. The second layer 156 
includes a central portion 157 having a plurality of pores 
158 extending completely through it which communi- 
cate with the substrate passage 1 52c. If the second lay- 
er 156 is formed over an intermediate layer, and the in- 
termediate layer has a central portion which is essen- 
tially coextensive with the central portion 157, the inter- 
mediate layer will also have pores formed in it which cor- 
respond to the pores in the second layer 156. It is also 
contemplated that the second layer 1 56 may be formed 
over a diflerent intermediate layer having a single open 
area which is essentially coextensive with the central 
portion 157. Hence, this different intermediate layer 
does not include a plurality of pores. The second layer 
pores 1 58 have an area or size in an X-Y plane, see Fig. 
4, of from about 0.5 ujti 2 to about 25 um 2 including all 
ranges subsumed therein; and preferably, from about 
0.5um 2 to about 17 um 2 ; more preferably, from about 
1 .0 um 2 to about 8 urn 2 ; and most preferably Irom about 
1 .0 um 2 to about 5 um 2 The spacing S between adja- 
cent pores 158 is from about 1 um to about 50 um, and 
preferably about 6 um, see Fig. 4A. The second layer 
156 has a thickness J 0 in the Z-direction, see Fig. 5, of 
from ab out turn toabout 20_um, including all ranges 
subsumed therein, preferably, from about 1.0 um to 
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about 5.0 um, and most preferably from about 1 .0 um 
to about 2.5 um. The second layer central portion 157 
defines the filter 60. It functions to filters air bubbles and 
contaminants from ink before the ink passes into the ink 
supply channels 58, see Fig. 3. The second layer 156 
may be formed from any one of a number of known etch 
resistant materials including, for example, silicon nitride, 
silicon carbide, and silicon dioxide. Other materials not 
explicitly set out herein may also be used when forming 
the layer 156. 

[0023] The heating elements 52 and the first and sec- 
ond conductors 59a and 59b may be formed over the 
second etch resistant material layer 156. In the illustrat- 
ed embodiment, they are formed directly on the second 
layer 156. When the heating elements 52 and the con- 
ductors 59a and 59b are formed directly on the second 
etch resistant material layer 156, the second layer 156 
is preferably formed from a dielectric material. Transis- 
tors (not shown) or other circuit elements may also be 
formed on the second layer 156. Alternatively, the heat- 
ing elements 52 and the conductors 59a and 59b may 
be formed over the first etch resistant material layer 154. 
When the heating elements 52 and the conductors 59a 
and 59b are formed directly on the first etch resistant 
material layer 154, the first layer 154 is preferably 
formed from a dielectric material. It is also contemplated 
that the heating elements 52 and the conductors 59a 
and 59b may be formed on a layer other than the first 
and second etch resistant material layers 1 54 and 1 56. 
For example, one or more other layers may be formed 
over or under portions of the second etch resistant ma- 
terial layer 156. The heating elements 52 and the con- 
ductors 59a and 59b may be formed on one of those 
additional layers provided over or under the second lay- 
er 156. Similarly, one or more other layers may be 
formed over or under portions of the first etch resistant 
material layer 154. The heating elements 52 and the 
conductors 59a and 59b may be formed on one of those 
additional layers provided over or under the first layer 
1 54. It is further contemplated that the heating elements 
52 may be formed on a first side of one of the first layer 
154 and the second layer 156 while the conductors 59a 
and 59b are formed on the other side of the one layer. 
[0024] The process tor lorming the heater chip 50 will 
now be described with reference to Figs. 6-8. A silicon 
wafer 252 having a thickness T s of from about 400 um 
to about 650 um is provided. The thickness of the wafer 
252 is not critical and may fall outside ol this range. A 
plurality of heater chips 50 are formed on a single wafer 
252. For ease of illustration, only a portion of the wafer 
252 is illustrated in Figs. 6-8. 

[0025] A first etch resistant material layer 254 is 
formed on a first side 252a of the wafer 252, see Fig. 6. 
The layer 254 may be formed from any one of a number 
of known etch resistant materials including, for example, 
silicon nitride, silicon carbide, aluminum, tantalum, sili- 
con dioxide, and the like. A second etch resistant mate- 
rial layer 256 is formed on a second side 252b of the 



EP 0 924 077 A2 



15 



20 



25 



30 



35 



40 



45 



50 



4 



)OCID: <EP 0924077 A2_L> 




EP 0 924 077 A2 8 



7 

wafer 252, see Fig. 6. In the illustrated embodiment, 
heating elements 52 and first and second conductors 
59a and 59b are formed on the second etch resistant 
material layer 256 in a conventional manner. Hence, the 
second layer 256 is formed from a dielectric material, s 
Transistors (not shown) or other circuit elements may 
also be formed on the second layer 256. In the ill ustrated 
embodiment, the first and second layers 254 and 256 
comprise silicon nitride layers. The silicon nitride is de- 
posited simultaneously onto the outer surfaces 252a 10 
and 252b of the wafer 252 using a conventional plasma 
enhanced chemical vapor deposition process. Alterna- 
tively, silicon dioxide layers may be thermally grown on 
the outer surfaces 252a and 252b of the wafer 252. It is 
also contemplated that silicon nitride may be deposited 1& 
onto the outer surfaces 252a and 252b of the wafer 252 
using a conventional low-pressure chemical vapor dep- 
osition process. However, if this latter process is used, 
the silicon nitride heeds to be deposited before any met- 
al layers are formed. 20 
[0026] The first layer 254 has a thickness in the Z- 
direction, see Fig. 6 : of from about 1.0 u,m to about 20 
u.m, and preferably from about 1 .0 u.m to about 2.5 u.m. 
The second layer 256 has a thickness in the Z-direction, 
see Fig. 6, of from about 1 jam to about 20 ujti, and pref- 25 
erably, from about 1 .0 um to about 2.5 urn. 
[0027] After the first and second layers 254 and 256 
are deposited onto the wafer 252, a first photoresist lay- 
er 170 is formed over the first etch resistant material lay- 
er 254 via a conventional spinning process. The layer 
170 has a thickness T P1 of from about 100 A to about 
50 ujn, and preferably from about 1 .0 um to about 5.0 
u.m, see Fig. 7. The photoresist material may be a neg- 
ative or a positive photoresist material. In the illustrated 
embodiment, the layer 170 is formed from a negative 
photoresist material which is commercially available 
from Olin Microelectronic Materials under the product 
designation "SC-100 Resist." After the first layer 170 is 
spun onto the wafer 252, it is softbakedat an appropriate 
temperature so as to partially evaporate photoresist sol- 
vents to promote adhesion of the layer 170 to the wafer 
252. A further reason for softbaking the first layer 170 
is to prevent a first mask, to be discussed below, from 
adhering to the first layer 170. 

[0028] A first mask (not shown), having a plurality of 
blocked or covered areas corresponding to the first layer 
openings 1 54a in the heater chips 50, is positioned over 
the first photoresist layer 170. The first mask is aligned 
in a conventional manner. For example, the first mask 
may be lormed with one or more alignment markers that 
are aligned with one or more alignment marks (not 
shown) formed on the second etch resistant material 
layer 256. The alignment marks on the second etch re- 
sistant material layer 256 may be created from the same 
material and during the same process step as the con- 
ductors 59a and 59b. A conventional infra-red mask 
aligner or a double-sided mask aligner is used to effect 
alignment of the one or more alignment markers on the 



second mask with the one or more alignment marks on 
the second material layer 256. 

[0029] Unblocked portions of the first photoresist lay- 
er 1 70 are exposed to ultraviolet light so as to effect cur- 
ing or polymerization of the exposed portions. The first 
mask is then removed. Thereafter, the unexposed or un- 
cured portions of the first photoresist layer 170 are re- 
moved using a conventional developer chemical. In the 
illustrated embodiment, the unpolymerized portions are 
removed by spraying a developer, such as one which is 
commercially available from Olin Microelectronic Mate- 
rials under the product designation "PF developer," onto 
the first wafer side while the wafer 252 is spinning. After 
the development process has been initiated, a mixture 
of about 90% developer chemical and 10% isopropyl al- 
cohol, by volume, is sprayed onto the first side of the 
spinning wafer 252. Finally, the development process is 
stopped by spraying only isopropyl alcohol onto the 
spinning wafer 252. As can be seen in Fig. 7, after the 
unpolymerized portions of the first photoresist layer 170 
are removed from the wafer 252, portions 254a (only 
one portion is illustrated in Fig. 7) of the first etch resist- 
ant material layer 254 are exposed. 
[0030] Instead of spraying the three different develop- 
ment compositions onto the wafer 252, the wafer 252 
may be placed sequentially in three different baths con- 
taining, respectively, 100% developer, a mixture of 
about 90% developer and 10% isopropyl alcohol, and 
100% isopropyl alcohol. The wafer 252 remains in the 
first bath until the development process has been initi- 
ated. It is then placed in the second bath. It is removed 
from the second bath and placed in the third bath after 
the unpolymerized portions of the first layer 170 have 
been removed. The wafer 252 is preferably agitated 
when in each of the baths. 

[0031] Next, a second photoresist layer 1 72 is formed 
over the second etch resistant material layer 256 via a 
conventional spinning process. The layer 172 has a 
thickness T P2 of from about 1 00 A to about 50 ujtv and 
preferably from about 1 .0 jim to about 5.0 um The pho- 
toresist material from which the layer 172 is formed may 
be a negative or a positive photoresist material. In the 
illustrated embodiment, the layer 172 is formed from the 
same material as the first layer 170. After the second 
layer 172 is spun onto the wafer 252, it is softbaked at 
an appropriate temperature so as to partially evaporate 
photoresist solvents to promote adhesion of the layer 
172 to the layer 256. 

[0032] A second mask (not shown), having a plurality 
of blocked or covered areas which correspond to the 
second layer pores 158 in the heater chips 50, is posi- 
tioned over the second photoresist layer 172. Blocked 
areas in the second mask are preferably formed only in 
portions of the second mask that are generally coexten- 
sive with or slightly smaller or larger than the portions 
having blocked areas in the first mask. As such, each 
heater chip 50 will be formed having pores 158 only in 
the central portion 157 of the second layer 156, i.e., the 
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portion that extends over the substrate passage 152c. 
[0033] The second mask is aligned in a conventional 
manner. For example, the second mask may be formed 
with one or more alignment markers that are aligned 
with one or more of the alignment marks (not shown) 
formed on the second etch resistant material layer 256. 
A conventional mask aligner is used to effect alignment 
of the one or more alignment markers on the second 
mask with the one or more alignment marks on the sec- 
ond material layer 256. 

[0034] Unblocked portions of the second photoresist 
layer 172 are exposed to ultraviolet light so as to effect 
curing or polymerization of the exposed portions. The 
second mask is then removed. The unpolymerized por- 
tions of the second photoresist layer 172 are removed 
in the same manner as the unpolymerized portions of 
the first photoresist layer 170. As can be seen in Fig. 7, 
after the unpolymerized portions of the second photore- 
sist layer 1 72 are removed from the wafer 252, portions 
256a of the second etch resistant material layer 256 are 
exposed. 

[0035] Following the development of the second pho- 
toresist layer 172, the first and second layers 170 and 
172 are hardbaked in a conventional manner so as to 
effect final evaporation of solvents in those layers 170 
and 172. 

[0036] The patterns formed in the first and second 
photoresist layers. 170 and 172 are transferred to the 
first and second etch resistant material layers 254 and 
256, see Fig. 8, using a conventional etching process. 
For example, a conventional reactive ion etching proc- 
ess using a reactive ion etcher may be used. When the 
first and second etch resistant material layers 254 and 
256 are formed from silicon nitride, the reactive gas sup- 
plied to the reactive ion etcher is CF 4 . 
[0037] After the patterns have been transferred to the 
first and second etch resistant material layers 254 and 
256, the polymerized photoresist material remaining on 
the wafer 252 is removed in a conventional manner. For 
example, a conventional reactive ion etcher receiving 
an 0 2 plasma may be used. Alternatively, a commercial- 
ly available resist stripper, such as one which is com- 
mercially available from Olin Microelectronic Materials 
under the product designation "Microstrip," may be 
used. 

[0038] Finally, a micromachining step is implemented 
to form the substrate passages 1 52c in the silicon wafer 
252. This step involves placing the wafer 252 in an etch- 
ant bath for a sufficient period of time to etch away a 
sufficient amount of silicon such that the passages 1 52c 
are formed. A tetramethyl ammonium hydroxide 
(TMAH) based bath is preferably used. The TMAH 
based bath comprises, by weight percent, from about 
5% to about 40%, and preferably about 1 0% tetramethyl 
ammonium hydroxide, and from about 60% to about 
95%, and preferably about 90%, water. The TMAH/ wa- 
ter solution is passivated by dissolving silicon and/or sil- 
icic acid into the TMAH/water solution until the solution 
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has a pH of from about 11 to about 13. A more detail 
discussion of passivating TMAH solutions can be found 
in the paper: U. Schnakenberg, W. Benecke, and R 
Lange, THAHW Etchants for Silicon MicromachininQ ,'' 

s in Proc. Int. Conf . on Solid State Sensors and Actuators 
(Transducers 1991), pages 81 5-81 8 : San Francisco, 
June, 1991, the disclosure of which is incorporated 
herein by reference. The passivated TMAH/water solu- 
tion is advantageous as it does not attack exposed metal 

to layers, conductors or devices formed on the wafer 252. 
When sufficient etching has occurred such that the sili- 
con substrate passages 152c are formed, see Fig. 5, 
the wafer 252 is removed from the bath. 
[0039] Thereafter, the wafer 252 is diced into individ- 

is ual heater chips 50 

[0040] The sequence of the above steps may vary. 
For example, the first pattern as defined by the devel- 
oped first photoresist layer 170 may be transferred to 
the first etch resistant material layer 254 using a con- 

20 ventional etching process and the first photoresist layer 
170 removed before the second photoresist layer 172 
is formed on the second etch resistant material layer 
256. It is also contemplated that the second photoresist 
layer 1 72 may be formed over the second etch resistant 

2S material layer 256, softbaked, exposed to ultraviolet 
light and developed before the first photoresist layer 1 70 
is formed over the first etch material layer 254. 
[0041] A heater chip 350, formed in accordance with 
a second embodiment of the present invention, is shown 

30 in Fig. 9, where like reference numerals indicate like el- 
ements. In this embodiment, the second etch resistant 
material layer 356 includes a first portion 356a having a 
plurality of filter sections 352 separate by reinforcement 
ribs 370. Each filter section 352 includes a plurality of 

35 pores 358. In the illustrated embodiment, a second re- 
maining portion 356b of the second layer 356 beyond 
the first portion 356a does not include pores 358. By pro- 
viding one or more reinforcement ribs 370 in the second 
layer 356, the thickness of the second layer 356 may be 

40 reduced, thereby reducing fluid pressure drop across 
the filter sections 352. Preferably, the thickness of the 
second layer 356 is about 1 .0 u.m. At that thickness, it 
is believed that the pressure drop across the filter sec- 
tions 352 is negligible. 

45 

Claims 

1. A heater chip comprising: 

50 

a silicon main body portion having opposing 
first and second surfaces and a passage ex- 
tending therethrough; 

a first etch resistant material layer formed on 
55 said first substrate surface and including at 

least one opening which extends through said 
first layer and communicates with said sub- 
strate passage; 
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a second etch resistant material layer formed 
on said second substrate surface and including 
a plurality o1 pores extending through said sec- 
ond layer and communicating with said sub- 
strate passage, said second layer defining a f il- £ 
ter which filters contaminants from ink passing 
through said second layer; 
at least one heating element formed over said 
silicon main body portion; and 
at least two conductors associated with said at io 
least one heating element for providing energy 
to said at least one heating element. 

2. A heater chip as set forth in claim 1 , wherein said 
heating element and said conductors are formed is 
over said first layer. 

3. A heater chip as set forth in claim 2, wherein said 
heating element and said conductors are formed on 
said first layer. 20 

4. A heater chip as set forth in claim 1, wherein said 
heating element and said conductors are formed 
over said second layer. . 

25 

5. A heater chip as set forth in claim 4, wherein said 
heating element and said conductors are formed on 
said second layer. 

6. A heater chip as set forth in claim 1 , wherein said 30 
pore size is between about 0.5 jam 2 and about 25 
jim 2 . 

7. A heater chip as set forth in claim 1 , wherein said 
second layer has a thickness of from about 1 jam to 35 
about 20 um 

8. A heater chip as set forth in claim 1, wherein said 
pore size is from about 1 urn 2 to about 17 jam 2 

40 

9. A heater chip as set forth in claim 8, wherein said 
second layer has a thickness of from about 1 jam to 
about 2.5 um 

10. A heater chip as set torth in claim 1 , wherein said 45 
pore size is from about 1 jam 2 to about 5 um 2 . 

11. A heater chip as set forth in claim 10, wherein said 
second layer has a thickness of from about 1 jam to 
about 2.5 jim. 50 

12. A heater chip as set forth in claim 1 , wherein at least 
one of said first and second layers is formed from a 
material selected from the group consisting of sili- 
con nitride, silicon carbide, aluminum, tantalum, 55 
and silicon dioxide. 

13. A heater chip as set forth in claim 1, wherein said 



second layer further includes at least one reinforce- 
ment rib. 

14. A heater chip as set forth in claim 1, wherein only a 
portion of said second etch resistant material layer 
includes pores. 

15. A heater chip as set forth in claim 14, wherein said 
second layer portion includes two or more filter sec- 
tions each comprising a plurality of said pores, said 
second layer portion further including at least one 
reinforcement rib positioned between said two filter 
sections. 

16. A method for forming a heater chip comprising the 
steps of: 

providing a silicon substrate having opposing 
first and second surfaces; 
forming a first etch resistant material layer on 
said first substrate surface, said first layer in- 
cluding at least one opening which extends 
through said first layer; 

forming a second etch resistant material layer 
on said second substrate surface, said second 
layer including a plurality of pores extending 
through said second layer for filtering ink pass- 
ing through said second layer; 
forming at least one heating element and at 
least two conductors over one of said first and 
second silicon substrate surfaces, said conduc- 
tors providing energy to said at least one heat- 
ing element; and 

forming at least one passage through said sili- 
con substrate which communicates with said 
opening in said first layer and at least a portion 
of said pores in said second layer. 

17. A method as set forth in claim 16, wherein said 
pores have a size of from about 0.5 ujti 2 to about 
25 urn 2 . 

18. A method as set forth in claim 16, wherein said 
pores have a size of Irom about 1 jam 2 to about 17 
ujti 2 

19. A method as set forth in claim 18, wherein said sec- 
ond layer has a thickness of from about 1 jam to 
about 2.5 um 

20. A method as set forth in claim 16, wherein said pore 
size is from about 1 jam 2 to about 5 um 2 . 

21 . A method as set forth in claim 20, wherein said sec- 
ond layer has a thickness of from about 1 u.m to 
about 2.5 jim. 

22. A method as set forth in claim 16, wherein said step 
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of forming at least one passage in said silicon sub- 
strate comprises the step of etching away a portion 
of said silicon substrate using a tetramethyl ammo- 
nium hydroxide etching solution . 

5 

23. A method as set forth in claim 1 6, wherein said sec- 
ond layer includes at least one reinforcement rib. 

24. A method as set forth in claim 1 6, wherein said step 

of forming a second etch resistant material layer on 10 
said second substrate surface comprises the step 
of forming a second etch resistant material layer on 
said second substrate surface having pores in only 
a portion of said second etch resistant material lay- 
er. 75 

25. A heater chip having a filter formed integrally there- 
with. 

26. A heater chip as set forth in claim 25, wherein said 20 
chip comprises a silicon main body portion. 

27. A heater chip as set forth in claim 25, wherein said 
filter has a thickness of from about 1 |xm to about 

20 urn. 2s 

28. A heater chip as set forth in claim 25, wherein said 
filter comprises a plurality of pores. 

29. A heater chip as set forth in claim 28, wherein said 30 
pore size is between about 0.5 urn 2 and about 25 
urn 2 

30. A heater chip as set forth in claim 28, wherein said 
pore size is from about 1 ujti 2 to about 17 urn 2 . 35 

31. A heater chip as set forth in claim 30, wherein said 
filter has a thickness of from about 1 ujti to about 
2.5 urn. 

40 

32. A heater chip as set forth in claim 28, wherein said 
pore size is from about 1 um 2 to about 5 um 2 

33. A heater chip as set forth in claim 32, wherein said 
filter has a thickness of from about 1 um to about 45 
2.5 um. 
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cate with the substrate passage. The portion of the sec- 
ond layer defines the filter (60) which filters contami- 
nants from ink passing through the filter. A process for 
forming the heater chip is also provided. 
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